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Multigene familyRhoptry-associated-protein 1 (RAP-1) is considered as a potential vaccine candidate due to its involve-
ment in red blood cell invasion by parasites in the genus Babesia.We examined its value as a vaccine can-
didate by studying RAP-1 conservation in isolates of Babesia sp. BQ1 Ningxian, Babesia sp. Tianzhu and
Babesia sp. Hebei, responsible for ovine babesiosis in different regions of China. The rap-1 locus in these
isolates has very similar features to those described for Babesia sp. BQ1 Lintan, another Chinese isolate
also in the B. motasi-like phylogenetic group, namely the presence of three types of rap-1 genes (rap-
1a, rap-1b and rap-1c), multiple conserved rap-1b copies (5) interspaced with more or less variable
rap-1a copies (6), and the 30 localization of one rap-1c. The isolates Babesia sp. Tianzhu, Babesia sp.
BQ1 Lintan and Ningxian were almost identical (average nucleotide identity of 99.9%) over a putative
locus of about 31 Kb, including the intergenic regions. Babesia sp. Hebei showed a similar locus organi-
zation but differed in the rap-1 locus sequence, for each gene and intergenic region, with an average
nucleotide identity of 78%. Our results are in agreement with 18S rDNA phylogenetic studies performed
on these isolates. However, in extremely closely related isolates the rap-1 locus seems more conserved
(99.9%) than the 18S rDNA (98.7%), whereas in still closely related isolates the identities are much lower
(78%) compared with the 18S rDNA (97.7%). The particularities of the rap-1 locus in terms of evolution,
phylogeny, diagnosis and vaccine development are discussed.
 2014 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/3.0/).1. Introduction
Babesiosis, caused by the multiplication of intraerythrocytic
protozoa from the genus Babesia, is usually characterized by fever,
anemia, hemoglobinuria and even death in severe cases, and
occurs in tropical, subtropical as well as temperate regions of the
world. Ovine babesiosis is caused mainly by B. ovis, B. motasi, B.
crassa (Uilenberg, 2006). In China, seven Babesia isolates have been
described as responsible for ovine babesiosis. These isolates have
been divided into two groups, based on phylogenetic analysis of
the 18S rDNA gene and ITS sequences (Liu et al., 2007; Niu et al.,
2009). Most of the described isolates (Babesia sp. BQ1 Lintan,
Babesia sp. BQ1 Ningxian, Babesia sp. Tianzhu, Babesia sp. Madang,
Babesia sp. Hebei and Babesia sp. Liaoning) form a sister clade(B. motasi-like) with European B. motasi isolates. The other group
consists of Babesia sp. Xinjiang and several Babesia recently
described on wild ruminants in South Africa and B. pecorum iso-
lated from red deer in Spain (Guan et al., 2009; Oosthuizen et al.,
2009; Jouglin et al., 2014).
Clinical symptoms of babesiosis become apparent when mer-
ozoites of Babesia species invade and replicate within the host
erythrocytes and attain detectable parasitemia (Yokoyama et al.,
2006). During the process of erythrocytic invasion, a series of
molecules are secreted by the apical organelles (rhoptries, micro-
nemes and dense granules), such as AMA-1 (Associated Membrane
Antigen 1), TRAP (thrombospondin-related adhesive protein) or
RAP-1 (rhoptry-associated-protein-1) (Lobo et al., 2012).
The RAP-1 proteins in some Babesia spp. and Plasmodium spp.
have been well characterized (Sam-Yellowe, 1996). Their signiﬁ-
cant role in the invasion process and the implications for vaccine
design against Babesia infections have been best deduced in B. bovis
and B. bigemina based on the inhibition of parasite invasion or
growth in vitro with MAb (Yokoyama et al., 2002; Mosqueda
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induce immunity and protect animals upon challenge (Wright et al.,
1992; Norimine et al., 2003; Brown et al., 2006; Fish et al., 2008).
RAP-1 is an immunogenic protein, encoded bymultiple gene copies
in all the Babesia species studied so far. The conserved features
described for members of the Babesia rap-1 family include four con-
served cysteines, the presence of a signal peptide for export of the
protein to the rhoptry organelle, a highly conserved 14 amino acids
motif (PLTLPNPYQLDAAF) and several shorter conserved oligopep-
tide motifs (YYKTYLTVD) in the ﬁrst 300 amino acids, with
sequence identities ranging from 30% to 45% among species
(Suarez et al., 1991, 1994; Dalrymple et al., 1993; Skuce et al.,
1996). Conservation of the RAP-1 amino acid sequences among dif-
ferent geographic strains is essential when the aim is to target a
candidate antigen for subunit vaccine development. Although the
RAP-1 sequences of B. bovis and B. bigemina display high sequence
identity (45%) in the N-terminal part (ﬁrst 300 amino acids) respon-
sible for cross reactions between these two species in ELISA (Suarez
et al., 1991), speciﬁc immunogenic B and T cell epitopes of RAP-1
recognized by RAP-1 speciﬁc antibodies are conserved among geo-
graphical strains of each species, but not between different species
(McElwain et al., 1991; Shompole et al., 1994; Brown et al., 1996;
Palmer et al., 1991; Rodriguez et al., 1996). In our recent companion
study, we described the features of Babesia sp. BQ1 Lintan rap-1
genes and locus organization, and their striking resemblance with
the complex locus described for B. bigemina: three gene types
(rap-1a rap-1b and rap-1c), sequence polymorphism among the
rap-1a copies, interspacing of rap-1a and rap-1b genes, strict
sequence identity of the rap-1b gene copies, and conservation of
the overall locus organization despite important differences in gene
and intergenic sequences (Niu et al., 2013).
In the present study, we analyzed the rap-1 locus for three other
ovine Babesia isolates from the B. motasi-like phylogenetic group
(Babesia sp. BQ1 Ningxian, Babesia sp. Tianzhu and Babesia sp.
Hebei), to investigate gene polymorphism and the interest of this
locus as a common target for the development of recombinant vac-
cine against different members of the B. motasi-like group in China.2. Materials and methods
2.1. B. motasi-like isolates
Babesia sp. BQ1 Ningxian, Babesia sp. Tianzhu, and Babesia sp.
Hebei, naturally infective to sheep were collected from the towns
of Ningxian and Tianzhu in Gansu Province and Chengde town in
Hebei Province. The parasites were isolated by inoculating ﬁeld-
collected blood from asymptomatic sheep into hemoprotozoa-free
splenectomized sheep. When parasitemia was more than 5%,
venous blood was collected into heparinized tubes and cryopre-
served in liquid nitrogen at the Vector and Vector-borne disease
(VVBD) laboratory of Lanzhou Veterinary Research Institute (LVRI),
CAAS Lanzhou, China.2.2. Genomic DNA samples preparation
Genomic DNA was extracted from infected blood samples of
each strain using a genomic DNA Puriﬁcation Kit (Gentra, USA),
according to the manufacturer’s instructions. The amount of DNA
isolated, assessed photometrically, was 100 ng/ll. One hundred
microliters of genomic DNA sample was spotted on to FTA paper
(No. FT6194905, Whatman – GE Healthcare Life Sciences), air-
dried, then sent to Oniris by LVRI, China and stored at room tem-
perature until use.
The genomic DNA was then used according to the manufac-
turer’s instructions. Brieﬂy, a disk (1.2 mm) was punched out ofthe sample area on the Whatman FTA Card and transferred to a
PCR tube using a Harris Micro-Punch, washed three times with
200 ll of FTA Puriﬁcation Reagent (80686019, WhatmanTM-
500 ml), each wash being incubated at room temperature for
5 min. The disk was then washed twice in TE buffer (10 mM Tris,
1 mM EDTANa2, pH 8.0) (V6232, Promega-500 ml) for 5 min, after
which it was ready for direct use in PCR ampliﬁcation.
2.3. Ampliﬁcation, cloning and sequencing of rap-1 genes and partial
locus from Babesia sp. BQ1 Ningxian and Babesia sp. Tianzhu isolates
Due to the close genetic relationships between the studied iso-
lates, the primers used to amplify Babesia sp. BQ1 Lintan rap1-a, b
and c genes were used in the present study with the following pri-
mer combinations: AP11–AP12, AP13–AP14 and AP15–AP20,
respectively. (Supplementary Fig. 1a, step 1). The rap-1 intergenic
regions IG1 (rap-1a to rap-1b), IG2 (rap-1b to rap-1a) and IG3
(rap-1a to rap-1c) were ampliﬁed, respectively, with the speciﬁc
primer combinations AP16/18–AP10, AP9-AP3/5 and AP11–AP20.
Efﬁcient ampliﬁcation of the Babesia sp. Tianzhu IG3 was obtained
with the primer combination AP9–AP7 (Supplementary Fig. 1, step
2). These primers have already been described (Table 1 in Niu et al.,
2013). The PCR was performed with Ex Taq Hot-Start DNA poly-
merase (TaKaRa) and cycles were limited to 30 to reduce PCR chi-
mera production. All PCR amplicons were cloned into pGEM-T Easy
vector according to the manufacturer’s instructions (Promega).
Colonies with the expected inserts were selected by direct colony
PCR using vector primers. Plasmids were then extracted (Nucleo-
Spin plasmid extraction, Macherey–Nagel) and the inserts were
sequenced. Long inserts were sequenced by successively designing
internal primers.
2.4. Ampliﬁcation, cloning and sequencing of rap-1 genes and partial
locus from the Babesia sp. Hebei isolate
The above strategy for the ampliﬁcation of rap-1 genes was
unable to provide rap-1 expected sequences for Babesia sp. Hebei
(data not shown). A degenerate primer pair (AP21–AP22) was
designed based on alignments between orthologs of rap-1b genes
in B. bigemina and Babesia sp. BQ1 Lintan, (Supplementary
Fig. 1b, step 1). Based on the sequence of the ampliﬁed internal
region, speciﬁc primers (AP23–AP24) were designed to amplify
putative intercalating rap-1 genes as well as the intergenic regions
(IG1, IG2). A PCR product about 5 Kb in size, corresponding to the 30
end of a rap-1b copy, an IG2, an intercalating gene of rap-1a, an IG1
and the 50 end of the following rap-1b copy was obtained with the
primer combination AP23-AP24 (Supplementary Fig. 1b, step 2).
The obtained sequence was then used to design primers to amplify
the entire rap-1a gene (AP25–AP26) and the entire rap-1b (AP27–
AP28) (Supplementary Fig. 1b, step 3). The same strategy was used
to amplify the Babesia sp. Hebei rap-1c gene. Degenerate primers
(AP29–AP30), based on alignments between the rap-1c genes in
B. bigemina and Babesia sp. BQ1 Lintan, were designed to amplify
and sequence the rap-1c internal region (Supplementary Fig. 1b,
step 4). The primer combination AP25–AP31 was used to amplify
the intergenic region upstream from rap-1c. AP31 was designed
according to the sequence obtained by amplifying the rap-1c inter-
nal region. A PCR product about 3.2 Kb in size was obtained. All
PCR products were cloned in pGEM-T Easy vector (Promega) and
multiple clones were sequenced. The sequences of the primers
used in this study are given in Table 1.
2.5. Bioinformatics analysis
All sequences obtained in this study were subjected to blast
searching on the NCBI website: http://www.ncbi.nlm.gov/blast/
Table 1
Description and sequences of the combined primers used in this study.
Isolate Ampliﬁed fragment Name Sequences 50-30 References
Babesia sp. BQ1 Ningxian and Babesia sp. Tianzhu rap-1a AP11 ATG AGA AGC TTC GCG GGT G Niu et al. (2013)
AP12 TCA GGG GCA GCT GCC TCC TC Niu et al. (2013)
rap-1b AP13 ATG GCA CCA GTG TTG AAG CGC Niu et al. (2013)
AP14 CTA TCC CCT AAC TTG GCG ACT A Niu et al. (2013)
rap-1c AP15 ATG GTT TGC CAC AGC TTT GTC Niu et al. (2013)
AP20 TTA CGA TAA TTT GGA TTG T Niu et al. (2013)
IG1 (61-b,67-b) AP16 TAC AAG CAC TGA GTG CCG TG In this study
AP18 AAG GAA CAG TGA TTG TCG TC Niu et al. (2013)
AP10 ATG ACC ATG GGA AGG ATC AAC GC Niu et al. (2013)
IG2 (b-61,b-67) AP9 TCG AAG CCT AGT CGC CAA GTT Niu et al. (2013); this study
AP3 GAC TGA CGA TGA GGT TCT GGT Niu et al. (2013)
AP5 GAC TGA CAA TGA GGT GCT GAA Niu et al. (2013)
IG3 (67.2-c) AP11 – Niu et al. (2013)
AP20 – Niu et al. (2013); this study
Babesia sp. Tianzhu IG3 (67.2-c) AP9 TCG AAG CCT AGT CGC CAA GTT Niu et al. (2013)
AP7 CCC TAC TGG CAT TCG CGC GG Niu et al. (2013); this study
Babesia sp. Hebei rap-1b internal AP21 GCC ATG TCT CAA TCT GCR GC In this study
AP22 CGR GTG TTG CTG ATK GAC GA In this study
rap-1b 50 , 30 ends and IG1, IG2 AP23 TTC TCA GCC TAC CTA AAT TCT In this study
AP24 GTA CGG CTC AAC GAC GGA CCG In this study
rap-1a AP25 ATG AGA AGC TTC GTG AGT GTA In this study
AP26 TTA AAG CCA CGA ATC AGT AGA C In this study
rap-1b AP27 ATG GCA CTA GTT TCT AAG CGC C In this study
AP28 CTA TCC TCT AAC TTG GCG AAT In this study
rap-1c internal AP29 CCT GAC CCM TAC CAG CTK CA In this study
AP30 GCC ATG TAM TGC CTG TAA CC In this study
rap-1c 50 end, IG3 AP25 ATG AGA AGC TTC GTG AGT GTA In this study
AP31 TTC AGA ACG TTG AGA GTG AAG G In this study
rap-1c 30 end AP32 ATG GTT GGC TAC AGC TTT GTC In this study
AP33 AGA GCT TTG GCC AAC ATG GTG In this study
p128R TAT ACC ACA TCG ATG AAC C Suarez et al. (2003)
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tive signal peptides, and the cleavage site in the N-terminal part
of the protein, was carried out using the software tools PrediSi
(http://www.predisi.de/home.html) and SignalP (http://www.cbs.
dtu.dk/services/SignalP/). Phylogenetic analysis was performed
using the software MEGA 5.2. The different genes comprising the
rap-1 locus were analysed by the ‘‘neighbor-joining’’ method based
on genetic distances. A tree was also constructed by including
RAP-1 sequences from other species of Babesia spp., such as
B. gibsoni, B. caballi, B. ovis, B. bovis, B. orientalis and B. divergens,
in order to show the relationships between the isolates in our
study and relate them to other RAP-1 proteins.3. Results
As the rap-1 gene family is multigenic and polymorphic, ampli-
ﬁcation of the conserved regions of each amplicon (gene or inter-
genic region) with primers resulted in a mixed population of
sequences. These were systematically cloned and multiple clonesTable 2
Number of cloned inserts sequenced for each gene or intergenic region.
Isolates Genes
rap-1a rap-1b rap-1c
Babesia sp. BQ1 Ningxian 15a–12b 11–9 12–10
Babesia sp. Tianzhu 12–10 13–13 12–9
Babesia sp. Hebei 20–17 12–12 7–4
2–2c; 6–4d (50end)
a Numbers of samples sent for sequencing.
b Numbers of complete sequences obtained and analyzed.
c rap-1a sequences from partial locus ampliﬁcation, containing IG1 and IG2.
d rap-1a sequences from partial locus ampliﬁcation, containing IG3.were sent for sequencing to address the polymorphism among
gene copies. The cloning and sequencing results obtained at each
step for the three different isolates are summarized in Table 2.3.1. Sequence variation of rap-1a genes in the Chinese B. motasi-like
group
3.1.1. Babesia sp. Ningxian and Babesia sp. Tianzhu: a copycat of
Babesia sp. BQ1 Lintan
Primers based on the Babesia sp. BQ1 Lintan rap-1a gene
sequence (AP11-AP12) (Niu et al., 2013) were used to obtain ampli-
cons of the expected size (partial rap-1a sequences of 1367 bp). The
rap-1a sequences from both isolates were similar to the rap1a61
and rap-1a67 described for Babesia sp. BQ1 Lintan.
In summary, both rap-1a61 and rap-1a67 genes were also found
in the Babesia sp. BQ1 Ningxian and Babesia sp. Tianzhu isolates
(Table 3). Two different copies of rap-1a67 were also discovered,
rap-1a67–1 (1425 bp) and rap-1a67–2 (1380 bp), which were per-
fectly identical with their orthologs in the Babesia sp. BQ1 LintanIntergenic regions IG
IG1 IG2 IG3
(61-b) (67-b) (b-61) (b-67) (67.2-c)
4–3 12–10 13–12 13–12 5–4
8–3 12–9 2–2 12–10 1–1
IG1 (a1–b) IG2 (b–a1) (a3–c)
2–2c 2–2c 6–4d
Table 3
Variability and proportion of rap-1a61 and rap-1a67 gene copies in the closely related Babesia sp. BQ1 Lintan, Babesia sp. BQ1 Ningxian and Babesia sp. Tianzhu. Position and
nature of the 3 point mutations that differ between the different types as well as the ratio of each sequence type obtained from the whole gene ampliﬁcation and cloning for each
isolate.
Isolate name rap-1a type Variable nucleotide and amino acid
(nt/aa) positions and compositions
Ratio N rap-1a type/N rap-1a
cloned gene sequenced
143/48 683/228 1248/416
Babesia sp. BQ1 Lintana rap-1a67 A/Glu T/Val C/Gly 8/27
rap-1a61–1 A/Glu C/Ala C/Gly 9/27
rap-1a61–2 C/Ala T/Val T/Gly 10/27
Babesia sp. BQ1 Ningxian rap-1a67 A/Glu T/Val C/Gly 2/12
rap-1a61–2 C/Ala T/Val T/Gly 7/12
rap-1a61–3 C/Ala C/Ala C/Gly 3/12
Babesia sp. Tianzhu rap-1a67 A/Glu T/Val C/Gly 3/10
rap-1a61–2 C/Ala T/Val T/Gly 4/10
rap-1a61–3 C/Ala C/Ala C/Gly 3/10
a Data from Niu et al. (2013).
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polymorphism at two nucleotide positions from the putative start
site: 683 nt with C/T (non synonymous substitution A/V) and
1248 nt with C/T (synonymous mutation G/G) resulting in the aa
combinations AG or VG at these two positions. However, the addi-
tional polymorphic site described in Babesia sp. BQ1 Lintan at
nucleotide 143 (A or C) (Niu et al., 2013) was not found in the
rap-1a61 genes of these two isolates (only C). Two rap-1a61 gene
copy types were therefore present at the rap-1 locus in Babesia
sp. BQ1 Ningxian and Babesia sp. Tianzhu: rap-1a61–2 (combina-
tion CTT) and a new one, rap-1a61–3 (CCC) (Table 3). Except for
these three point mutations, the rap-1a61gene sequences were
identical in all three isolates, with 1425 bp encoding a putative
474 amino acids protein for rap-1a61.
3.1.2. Three different rap-1a copies exist in the Babesia sp. Hebei
isolate
Ampliﬁcation of the rap-1a genes, using the primers AP11–
AP12, was never successful in Babesia sp. Hebei. The central region
of the Babesia sp. Hebei rap-1b gene was successfully ampliﬁed and
sequenced using degenerate primers (AP21–AP22) designed by
aligning the rap-1b gene in related species (Babesia sp. BQ1 Lintan
and B. bigemina) (Supplementary Fig. 1b, step 1). As the rap-1a and
rap-1b genes have been previously described as interspaced, new
primers (AP23–AP24) designed from the rap-1b central region,
were used to amplify the regions downstream and upstream of
the rap-1b gene which supposedly contain the rap-1a gene
between two rap-1b genes (Supplementary Fig. 1b, step 2). Two
identical sequences of an entire rap-1a gene (1401 bp) located
between two rap-1b genes were obtained from two clones and
blasted with Babesia sp. BQ1 Lintan and B. bigemina rap-1a genes.
Polymorphism of the rap-1a sequence was addressed by ampliﬁca-
tion with a newly designed primer combination (AP25–AP26), fol-
lowed by cloning and sequencing (Supplementary Fig. 1b, step 3).
Two rap-1a copy types were found: the predominant one
(14 clones/17) corresponded to the ﬁrst rap-1a sequence discov-
ered (named rap-1a1, 1401 bp encoding a putative protein of 466
amino acids), and the less abundant one (3 clones/17) with a size
of 1416 bp (rap-1a2) encoded a putative 471 amino acids protein
(Fig. 1).
Ampliﬁcation and sequencing of the 50 end region of rap-1c and
the intergenic region 3 (IG3) (AP25–AP31) revealed a third rap-1a
gene type upstream of rap-1c (Supplementary Fig. 1b, step 5). The
sequences in 4 clones were identical and were named rap-1a3,
with 1392 bp encoding a putative 463 amino acids protein
(Table 2, Fig. 1).The sequences of the three rap-1a gene types were
perfectly identical from nt 1–1226 onwards. rap-1a2 differed by
an insertion of 15 nucleotides from position 1227–1241 nt(GGCTGCTTCTGCCGA, encoding EAASA) (Supplementary Fig. 2).
In rap-1a3, the sequence differed (deletions and substitutions)
from position 1371 to the putative stop site of rap-1a3 (Supple-
mentary Fig. 2). The molecular features of the rap-1 family mem-
bers, namely the 4 cysteines and the patches of conserved motifs,
including PLTLPNPYQLDAAF and YYKTYLTVD in the ﬁrst 300
amino acids, were conserved (Fig. 1).
3.2. Multiple and conserved rap-1b copies within each B. motasi-like
isolate
3.2.1. rap-1b copies in Babesia sp. BQ1 Ningxian and Babesia sp.
Tianzhu isolates are identical to the Babesia sp. BQ1 Lintan isolate
The full rap-1b gene was ampliﬁed using the primer combina-
tion AP13–AP14, then cloned and sequenced. All sequenced inserts
were identical to the previously described rap-1b gene of Babesia
sp. BQ1 Lintan: 1203 bp in length, with putative start and stop sites
encoding a putative 400 amino acids protein (Fig. 2). The presence
of multiple rap-1b gene copies interspaced with rap-1a gene copies,
within the rap-1 locus, was attested when the intergenic regions
from rap-1a and rap-1b genes were ampliﬁed (see Supplementary
Fig. 1).
3.2.2. Multiple rap-1b copies in the Babesia sp. Hebei isolate are
conserved but differ from those of the three other B. motasi-like
isolates
Partial rap-1b sequences were obtained from ampliﬁcations
with primers AP21–AP22 and AP23–AP24. A primer combination
speciﬁc to Babesia sp. Hebei rap-1b (AP27–AP28) was designed to
amplify the full-length rap-1b gene, and 12 different clones were
sequenced to investigate the genetic diversity of the rap-1b copies.
The twelve insert sequences were identical and blasted with Babe-
sia sp. BQ1 Lintan and B. bigemina rap-1b. The putative gene length
was identical to that of rap-1b genes from other B. motasi-like iso-
lates (1203 bp encoding a putative 400 amino acid protein),
despite sequence differences (86.2% and 78.5% identity at the
nucleotide and protein levels, respectively) (Fig. 2, Table 4).
3.3. rap-1c: only one copy
3.3.1. rap-1c in the Babesia sp. BQ1 Ningxian and Babesia sp. Tianzhu
isolates
Rap-1c was successfully ampliﬁed using the primer combina-
tion AP15–AP20. Multiple cloned rap-1c inserts were sequenced
for each isolate which led us to conclude that the rap-1c gene
was also extremely well-conserved and was of identical length to
the Babesia sp. BQ1 Lintan rap-1c gene (1749 bp, encoding a puta-
tive 582 amino acid protein). The sequences were very similar,
Fig. 1. Alignment of predicted amino acid sequences of rap-1a copies. HBRAP-1a1: Babesia sp. Hebei RAP-1a1 (GenBank accession number: KJ205334), HBRAP-1a2: Babesia
sp. Hebei RAP-1a2 (GenBank accession number: KJ205335), HBRAP-1a3: Babesia sp. Hebei RAP-1a3 (GenBank accession number: KJ205337). RAP-1a67–1: RAP-1a67–1 from
Babesia sp. BQ1 Lintan and Babesia sp. BQ1 Ningxian, Babesia sp. Tianzhu, (respective GenBank accession numbers: AGV15812, KJ205323, KJ205330), RAP-1a67–2: RAP-1a67–
2 from Babesia sp. BQ1 Lintan, Babesia sp. BQ1 Ningxian and Babesia sp. Tianzhu, (respective GenBank accession numbers: AGV15811, KJ205326, KJ205332). RAP-1a61–1:
RAP-1a61–1 from Babesia sp. BQ1 Lintan (GenBank accession numbers: AGV15809). RAP-1a61–2: RAP-1a61–2 from Babesia sp. BQ1 Lintan and Babesia sp. BQ1 Ningxian,
Babesia sp. Tianzhu (respective GenBank accession numbers: AGV15808, KJ205322, KJ205328). RAP-1a61–3: RAP-1a61–3 from Babesia sp. BQ1 Ningxian and Babesia sp.
Tianzhu (respective GenBank accession numbers: KJ205324, KJ205329). B.biRAP-1a: B. bigemina RAP-1aa1 gene (GenBank accession number: AAA65583). The 4 conserved
cysteine residues are marked with arrows, the two conserved amino acid sequences indicated with boxes, and predicted signal peptide sequences are underlined, the
positions of three point mutations in different rap-1a61 types are showed with asterisks.
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in 5 amino acid modiﬁcations (Fig. 3; Supplementary Fig. 3). Most
of these modiﬁcations were located in the 17–18 aa repeats 4 and 5
that were described in Babesia sp. BQ1 Lintan rap-1c (Fig. 4). Three
other substitutions were located at nucleotide positions 1564,
1574 and 1614, the ﬁrst two being non synonymous (Fig. 3; Sup-
plementary Fig. 3).
3.3.2. Babesia sp. Hebei rap-1c
The sequence of an internal region in rap-1c (422 bp) was
obtained by ampliﬁcation with the degenerate primers AP29-AP30. A speciﬁc rap-1c reverse primer AP31 was designed and
the 50 extremity of the gene was ampliﬁed using the primer
combination AP25–AP31 (rap-1a to rap-1c). A PCR amplicon with
the expected size of about 3.2 Kb (rap-1a: 1.4 Kb, IG3: 1.3 Kb and
50 end of rap-1c: 0.5 Kb) was successfully obtained. Inserts from
four clones were sequenced and gave identical results (Supple-
mentary Fig. 1b, step 5). The strategy described for the Babesia
sp. BQ1 Lintan rap-1c gene was applied to amplify the 30 end
of rap-1c, using the reverse primers p128R located downstream
in the YJR070-like orf (AF026272) (Suarez et al., 1998b; Niu
et al., 2013). The many attempts with the forward primers
Fig. 2. Alignment of RAP-1b predicted amino acid sequences. HBRAP-1b: Babesia sp. Hebei RAP-1b (GenBank accession number: KJ205336); RAP-1b: RAP-1b from Babesia sp.
BQ1 Lintan and Babesia sp. BQ1 Ningxian, Babesia sp. Tianzhu (respective GenBank accession numbers: AGV15813, KJ205325, KJ205331). B.biRAP-1b: B. bigemina RAP-1b gene
(GenBank accession number: AAB72095). BboRRA: B. bovis RRA sequence (GenBank accession number: XM001610900). The 4 conserved cysteine residues are marked with
arrows, the two conserved amino acid sequences indicated with boxes, and predicted signal peptide sequences are underlined.
Table 4
Percentages of identity of rap-1 genes and intergenic regions. A: between Babesia sp. BQ1 Lintan, the other B. motasi-like and B. bigemina. B: between Babesia sp. Hebei and B.
bigemina. The types of compared rap-1a genes are indicated as well as the sizes (bp) of the compared sequences.
A Babesia sp. BQ1 Lintan
rap-1a61 rap-1a67 rap-1b rap-1c IG1 IG2 IG3
(1425 bp) 67–1 (1425 bp) 67–2 (1380 bp) (1203 bp) (1479 bp) (853 bp) (1840 bp) (1333 bp)
Babesia sp. BQ1 Ningxian
Babesia sp. Tianzhu
99.9a/99.8b 100/100 100/100 100/100 99.4/99.1 100 100 100
Babesia sp. Hebei rap-1a1 (1401 bp)
82.1/74.9
rap-1a2 (1416 bp)
79.6/71.1
rap-1a3 (1392 bp)
78.9/71.7
(1203 bp)
86.2/78.5
Partial (794 bp)
83.8/72.0
(870 bp)
79.2
(1837 bp)
75.2
(1320 bp)
61.1
B. bigemina aa1 (1443 bp) (1053 bp) (1533 bp) (803 bp) (1528 bp)
73.0/57.0d 72.0/57.0d 72.0/57.0d 70.3/63.7d 62.8/52.9d 27.6d 22.3d -
B Babesia sp. Hebei
rap-1a1 rap-1a2 rap-1a3 rap-1b Partial rap-1c IG1 IG2 IG3
B. bigemina aa1 (1443 bp)
68.3/55.6 61.4/54.6 67.9/55.7 70.8/64.3 65.7/56.8 20.4 22.1 -
c Percentage (%).
a Nucleotide level.
b Amino acid level.
d Data cited from Niu et al. (2013).
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A partial sequence of 794 bp in the 50 end region of rap-1c was
obtained from AP29–AP30 and AP25–AP31 ampliﬁcations
(Fig. 3).3.4. Presence of signal peptides
A search for the presence of putative signal peptide sequences
was carried out using free bioinformatics software (SignalP4-1
Fig. 3. Alignment of RAP-1c predicted amino acid sequences.NXRAP1c: RAP-1c from Babesia BQ1 sp. Ningxian (GenBank accession number: KJ205327); TZRAP-1c: RAP-1c
from Babesia sp. Tianzhu (GenBank accession number: KJ205333); LTRAP-1c: RAP-1c from Babesia sp. BQ1 Lintan (GenBank accession number: AGV15813); HBRAP-1c: partial
RAP-1c (264aa) from Babesia sp. Hebei (GenBank accession number: KJ205338); B.biRAP-1c: B. bigemina RAP-1c gene (GenBank accession number: AAN84521).The 4
conserved cysteine residues are marked with arrows, the two conserved amino acid sequences indicated with boxes, and predicted signal peptide sequences are underlined.
Fig. 4. Alignment of nucleotide (A) and amino acid (B) repeats in the 30 region of rap-1c sequence.
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Fig. 5. Conservation of the putative rap-1 transcription regulation 50 UTR sequence in the rap-1 intergenic regions. The position of boxes -59, -36 and mRNA are designated
according to Suarez et al. (1998) and consensus sequences from Suarez et al. (1998) is indicated. LT: Lintan; HB: Hebei; Bbi: B. bigemina. (The sequence of 36 box in B.
bigemina IG2 is consistent with sequence deposited on GenBank, GenBank accession number: AF021246).
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rap-1a (cleavage at aa21), and rap-1c (cleavage at aa18 in the
Babesia sp. BQ1 Ningxian and Tianzhu isolates, and at aa21 in the
Babesia sp. Hebei isolate). Neither software could identify a puta-
tive signal peptide for rap-1b in the Babesia sp. BQ1 Ningxian and
Babesia sp. Tianzhu isolates (sequence identical to that of the
Lintan isolate), but a putative signal peptide was found (cleavage
at aa25) in the case of Babesia sp. Hebei rap-1b with the PrediSi
software but not with SignalP4-1.3.5. Three different intergenic regions IG1, IG2 and IG3 exist in the
three isolates
The ampliﬁcation of Babesia sp. BQ1 Ningxian and Babesia sp.
Tianzhu isolates with different primer combinations (AP16/18–
AP10, AP9–AP3/5, AP11–AP20, AP9–AP7), followed by cloning
and insert sequencing, demonstrated the presence of three differ-
ent intergenic regions of 853 bp (IG1, rap-1a to rap-1b), 1840 bp
(IG2, rap-1b to rap-1a61 or 67–1) and 1333 bp (IG3 rap-1a67–2 to
rap-1c) (Supplementary Fig. 1a and Table 2). In the case of IG1
(853 bp), two different sequences, named IG1.1 and IG1.2, differed
by one point mutation (C for IG1.1 and T for IG1.2), located 62 bp
after the rap-1a putative stop site. IG1.1 was found in Babesia sp.
BQ1 Ningxian downstream from rap-1a61–2 in 3 clones and from
rap-1a67–1 in 5 clones, and in Babesia sp. Tianzhu downstream
from rap-1a61–2 in two clones, from rap-1a61–3 in one clone
and from rap-1a67–1 in 9 clones. IG1.2 was only found in Babesia
sp. BQ1 Ningxian, downstream from rap-1a67–1 in 5 clones. The
sequences of these intergenic regions (IG1, 2 and 3) were identical
in the rap-1 locus of three Chinese isolates from the B. motasi-like
group, i.e. Babesia sp. BQ1 Ningxian, Babesia sp. Tianzhu and Babe-
sia sp. BQ1 Lintan (Niu et al., 2013).
Three different intergenic regions were also discovered in the
rap-1 locus of the Babesia sp. Hebei isolate (primer combinations
AP23-AP24, AP25-AP31): IG1 (870 bp) between rap-1a1 and rap-
1b, IG2 (1837 bp) between rap-1b and rap-1a1, and IG3 (1320 bp)
between rap-1a3 and rap-1c (Supplementary Fig. 1b and Table 2).
Only a few inserts were sequenced so the sequence variability in
these intergenic regions could not be investigated in depth. How-
ever, the sequences obtained for each intergenic region were iden-
tical (IG1–2 clones, IG2–2 clones and IG3–4 clones).
The A + T residue content of IG1 (55%) is almost equal to the
A + T content (54%) of the downstream rap-1b sequence. In con-
trast, the A + T contents of the intergenic regions IG2 and IG3
(54% and 64%, respectively) are lower than the contents of the
putative downstream coding regions (rap-1a with 45% and rap-1c
with 53%), and the calculated A + T content is similar to the A + T
content of the rap-1 genes and intergenic regions in the Lintan
strain (Niu et al., 2013).As might be expected, the IG regions are not conserved between
the B. motasi-like group and B. bigemina (20–27%), but their lengths
remain similar. Within the B. motasi-like phylogenetic group, their
sequences are moderately conserved (61–79%). For each IG, the
250–270 nt regions upstream from the rap-1a and rap-1b coding
sequences are more conserved between B. bigemina and B. mot-
asi-like isolates (63.5% for IG1 and 67.5% for IG2) than the rest of
the IG (37.8% for IG1 and 36.7% for IG2). This probably corresponds
to the 50 UTR region and the three previously described boxes
(known as the 59 box, the 36 box and the mRNA box), suppos-
edly involved in transcription regulation (Fig. 5) (Suarez et al.,
1998b). The 59 box was well conserved in all three intergenic
regions, while conservation of the 36 box was greater in IG2
and IG3 than in IG1 and conservation of the mRNA box was only
apparent in IG3, and its position was variable (Fig. 5; Supplemen-
tary Figs. 4–6).
3.6. Rap-1 locus sequence comparison and phylogenetic analysis
The presence of three types of rap-1 genes, rap-1a, rap-1b and
rap-1c, has now been demonstrated in several Babesia isolates or
species (Supplementary Figs. 7–9). The gene lengths and sequences
are relatively well-conserved within each of these types (identities
between 55–100% for rap-1a, 64–100% for rap-1b and 53–100% for
rap-1c), indicating that these genes are orthologs (Table 4). How-
ever, the three gene types do not share signiﬁcant sequence
homologies (average identities between rap-1a and rap-1b 19.6%,
between rap-1b and rap-1c 22.6% and between rap-1a and rap-1c
27.6% within each studied parasite), even though the typical fea-
tures of this gene family (4 cysteines, conserved motifs) are con-
served and they segregate into three distinct clades in the
phylogenetic analysis (Fig. 6).
RAP-1b is the most conserved, exhibiting scattered sequence
polymorphism over the whole molecule and long stretches of con-
served sequences (up to 19 consecutive aa, Fig. 2). In RAP-1c, the 30
second half of the protein shows considerable sequence polymor-
phism both from residue 317 onwards and in the ﬁrst 80 residues.
The central part of the molecule (81–316) seems to be more con-
served (Fig. 3). The localization of polymorphisms in the RAP-1a
sequences is variable. The polymorphism between RAP-1a61 and
RAP-1a67, within the same rap-1 locus, is mainly limited to a 30
region between residues 64 and 107, a polymorphic region also
found in B. bigemina rap-1a genes. Although this region is also very
variable in Babesia sp. Hebei RAP-1a (aa 64–98), a lot of polymor-
phism is found in the 30 end of the protein (from residue 300), as
in B. bigemina (Fig. 1).
All the RAP-1a sequences from B. bigemina and the Chinese B.
motasi-like isolates fell into the same clade with three main sister
clades, the ﬁrst gathering B. bigemina RAP-1a, the second Babesia
sp. Hebei RAP-1a, and the third Babesia sp. BQ1 Ningxian and
Fig. 6. Phylogenetic tree constructed with the amino acid sequences of RAP-1a61–1 (Babesia sp. BQ1 Lintan), RAP-1a61–2 (Babesia sp. BQ1 Lintan, Babesia sp. BQ1 Ningxian
and Babesia sp. Tianzhu), RAP-1a61–3 (Babesia sp. BQ1 Ningxian and Babesia sp. Tianzhu), RAP-1a67–1, RAP-1a67–2 (Babesia sp. BQ1 Lintan, Babesia sp. BQ1 Ningxian and
Babesia sp. Tianzhu), RAP-1b (Babesia sp. BQ1 Lintan, Babesia sp. BQ1 Ningxian and Babesia sp. Tianzhu), RAP-1a, b, c of Babesia sp. Hebei (HB) and of all knownmembers of the
RAP-1 family in Babesia. The tree was inferred using the neighbor joining method, bootstrap values of MEGA 5.2 are shown at each branch point. The Theileria annulata amino
acid sequence was used as outlier.
Q. Niu et al. / Infection, Genetics and Evolution 28 (2014) 21–32 29Babesia sp. BQ1 Lintan RAP-1a, with RAP-1a61 separate from RAP-
1a67 sequences (Fig. 6).
3.7. Conservation of the main gene organisation features in the Babesia
sp. BQ1 Lintan, Babesia sp. BQ1 Ningxian, Babesia sp. Tianzhu and
Babesia sp. Hebei rap-1 locus
Several lines of evidence indicated that the rap-1 locus compo-
sition and organisation shared similar features within the B. mot-
asi-like phylogenetic group.
1. It could be concluded from the ampliﬁcation and sequencing
data that all 4 isolates from this group contained orthologs of
the B. bigemina rap-1a, rap-1b and rap-1c genes.2. The presence of interspaced rap-1a and rap-1b genes was also
demonstrated in this study (ampliﬁcations AP16/18–AP10 and
AP9–AP3/5) (Supplementary Fig. 1a).
3. Only one type of rap-1b gene was found to be interspaced with
different copies of rap-1a.
4. The localization of a rap-1a gene type upstream of rap-1c
was also demonstrated (primer combinations AP11–AP20,
AP9–AP7, AP25–AP31), different from B. bigemina for which
a rap-1b gene type was found at this position (Suarez
et al., 2003).
5. As a consequence, the presence of three different intergenic
regions types (IG1, IG2 and IG3) was demonstrated in the 4 iso-
lates, while only two were described in the case of B. bigemina.
These intergenic regions were conserved in their position
Fig. 7. Comparison of gene arrangement and hypothetical locus organization of Babesia sp. Hebei (1) and Babesia BQ1 sp. Lintan (2) (Niu et al., 2013). The 4 times repeated
partial locus is indicated with a dotted line box.
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between rap-1b and rap-1a, and IG3 between rap-1a and rap-
1c), and also rather conserved in size and sequence.
6. The rap-1c position at the end of the locus, followed by the
YJR070-like orf, was found in the rap-1 locus of Babesia sp.
BQ1 Lintan, B. bovis and B. bigemina (Niu et al., 2013; Suarez
et al., 1998a) and was also conﬁrmed in the rap-1 locus of Babe-
sia sp. BQ1 Ningxian and Babesia sp. Tianzhu isolates (primer
combination AP8-p128R, data not shown). The position of rap-
1c at the end of the locus for Babesia sp. Hebei remains to be
demonstrated.
From all these data, we can conclude that the main gene
arrangement features are conserved within the Babesia motasi-like
phylogenetic group. We can hypothesize that the rap-1 locus orga-
nization described for Babesia sp. BQ1 Lintan (Niu et al., 2013) is
therefore also most probably conserved. However, the precise
rap-1a and rap-1b gene numbers and precise arrangement within
the locus could not be precisely determined. A hypothetical locus
organization deduced from our data is proposed (Fig. 7).3.8. Nucleotide accession numbers
All sequences have been deposited in GenBank with the follow-
ing accession numbers: KJ205322 (rap-1a61–2 and IG1.1),
KJ205323 (rap-1a67–1 and IG1.2), KJ205324 (rap-1a61–3),
KJ205326 (rap-1a67–2 and IG3), KJ205325 (rap-1b and IG2), and
KJ205327 (rap-1c) for the Babesia sp. BQ1 Ningxian isolate;
KJ205328 (rap-1a61–2 and IG1.1), KJ205329 (rap-1a61–3), KJ205330
(rap-1a67–1), KJ205332 (rap-1a67–2 and IG3), KJ205331 (rap-1b and
IG2), and KJ205333 (rap-1c) for the Babesia sp. Tianzhu isolate;
KJ205334 (rap-1a1 and IG1), KJ205335 (rap-1a2), KJ205336 (rap-1b
and IG2), KJ205337 (rap-1a3 and IG3), and KJ205338 (partial rap-1c)
for the Babesia sp. Hebei isolate.4. Discussion
Several virulent isolates of Babesia have recently been described
in sheep and/or goats in China, and phylogenetic analysis of the
18S rDNA gene has shown that some of them belong to the B. mot-
asi phylogenetic group (B. motasi-like) (Guan et al., 2009). Vaccine
development, based on the parasite’s asexual growth cycle at the
blood stage, might be a good control strategy for babesiosis
(Gohil et al., 2013), and rhoptry associated protein-1 (RAP-1) is
considered as a potential vaccine candidate due to its role in redblood cell invasion. We therefore investigated the sequence
polymorphism of rap-1 in three isolates from the B. motasi-like
group: Babesia sp. BQ1 Ningxian, Babesia sp. Tianzhu and Babesia
sp. Hebei. We had shown in a previous study that the rap-1 locus
in Babesia sp. BQ1 Lintan, another Chinese isolate from the B. mot-
asi-like group, was complex and similar to that of B. bigemina.
Within a locus extending over about 31 Kb, 6 rap-1a genes were
found interspaced with 5 rap-1b genes, with a 30 terminal gene of
rap-1c type (Niu et al., 2013). Interestingly, the rap-1 locus in the
three isolates studied here share the same features. These features
(especially the presence of rap-1b and rap-1c gene types) seem to
be restricted to a phylogenetic clade, based on 18S rDNA, which
groups B. bigemina and B. motasi (Lack et al., 2012), as well as B.
crassa, B. ovata and B. major (Schnittger et al., 2012). Only the
rap-1a gene type has been found in the other Babesia species ana-
lyzed. However, the rap-1b and rap-1c gene types share few
sequence similarities with the rap-1a gene type so they may have
been missed. Nevertheless, none of these gene types has been
found in the B. bovis genome sequence, and only one other dis-
tantly related gene, called RRA (RAP-1 related antigen), has been
described recently and shares the rap-1 family features (Suarez
et al., 2011). The new rap-1b and rap-1c sequences now available
should allow primer design in the conserved sequences and facili-
tate the search for orthologous genes in different Babesia species.
The presence of duplicated and conserved rap-1a and rap-1b
genes, as well as their intergenic regions, in each of the B. mot-
asi-like isolates, could indicate strong selective pressure on these
genes. Mechanisms such as gene conversion probably homogenize
the different copies of rap-1a and rap-1b genes, as well as the inter-
genic regions. Such events can result in an apparent slowing down
of the mutation rate (Innan, 2009).
Even if the transcription of rap-1b and rap-1c genes has been
demonstrated in the case of B. bigemina, neither their translation,
nor their localization in the rhoptries has yet been proven
(Suarez et al., 2003). The presence of moderately conserved 50
UTR regions upstream of the rap-1a, rap-1b and rap-1c genes sug-
gests that all these genes are also transcribed in isolates from the B.
motasi-like group, as they are in B. bigemina. In the case of rap-1b, a
putative signal peptide has been found only in Babesia sp. Hebei
and B. bigemina, so both the translation and export of RAP-1b to
the rhoptry still needs to be conﬁrmed.
All the B. motasi-like isolates studied here and in a previous
work (Niu et al., 2013) are phylogenetically extremely close, their
18S rDNA genes sharing between 98% and 99% similarity. The iden-
tities of the isolates which had provided the genomic DNA sent on
an FTA card from China were conﬁrmed by re-sequencing the 18S
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ously published data (Liu et al., 2007). Phylogenetic studies based
on this gene placed Babesia sp. Hebei on a separate branch from
Babesia sp. Tianzhu, Babesia sp. BQ1 Lintan and Ningxian (Lack
et al., 2012; Gou et al., 2013). This phylogenetic separation was
conﬁrmed by sequencing the rap-1 locus, which is almost identical
(about 99.9%) over about 31 Kb in Babesia sp. Tianzhu, Babesia sp.
BQ1 Ningxian and Lintan (Table 4). In contrast, the rap-1 genes
and intergenic regions in Babesia sp. Hebei clearly differs from
the three other isolates, displaying on average 78% similarity at
the nucleotide level (including IG regions). However, recent phylo-
genetic analyses of these isolates with other markers have pro-
duced different phylogenetic trees, placing Babesia sp. BQ1 Lintan
close to Babesia sp. Tianzhu and separating Babesia sp. BQ1 Ningx-
ian and Babesia sp. Hebei from this group (ITS in Niu et al., 2009;
28S rDNA in Gou et al., 2013). Other studies of Chinese Babesia
and Theileria isolates phylogeny, based on RPS8 (40S ribosomal
protein 8, 561 bp analyzed, Tian et al., 2013a), cytochrome b gene
(a mitochondrial marker, 550 bp analyzed, Tian et al., 2013b) and
the cytochrome C oxidase subunit III (a mitochondrial marker,
552 bp analyzed, Tian et al., 2013c), did not include Babesia sp.
Hebei in the analyses. These studies showed Babesia sp. BQ1 Lintan
being grouped with Babesia sp. Tianzu, while Babesia sp. BQ1
Ningxian was more or less closely related depending on the marker
used. Thus the phylogenetic relationships existing between these
Chinese B. motasi-like isolates still need to be clariﬁed.
The rap-1 locus as a whole (rap-1a, rap-1b, rap-1c and the corre-
sponding intergenic regions) is an informative marker but its inter-
est is probably limited to studies of the phylogenetic group which
includes B. motasi, B. bigemina, B. major, B. ovata and B. crassa
(Schnittger et al., 2012). The inclusion of coding regions (rap-1b)
as well as the more rapidly evolving intergenic regions IG1 and
IG2 would reveal ancient and recent evolutionary events. For a
broader phylogenetic analysis within the Babesia genus, the rap-
1a gene is also an informative marker, being present in all species
analyzed so far. The fact that the rap-1 genes, as well as the inter-
genic regions, are more conserved than the 18S rDNA gene in
extremely closely related isolates (100% for rap-1a, rap-1b and IG
regions in Babesia sp. Tianzhu, Babesia sp. BQ1 Lintan and Babesia
sp. BQ1 Ningxian compared to 98.7% for 18S rDNA), but are less
conserved in other still very closely related isolates (78% for the
whole rap genome compared to 97.7% for the 18S rDNA) is intrigu-
ing. It can probably be related to the evolution of this locus, com-
posed of duplicated genes, where the apparent mutation rate has
probably been slowed down by genetic conversion and concerted
evolution (Innan, 2009). In the course of evolution and for
unknown reasons (modiﬁcation of the selective pressure, sub-
functionalization with a selective advantage resulting in ﬁxation
of the new genes within the population. . .), these processes
become less efﬁcient and mutations accumulate until the process
of homogenization prevails again. In any case, the result is a clear
grouping and separation of isolates, which could be of interest in
phylogenetic studies.
The presence of multiple conserved copies of rap-1b could be
useful for the molecular diagnosis of ovine babesiosis. The pres-
ence of 5 copies of this gene would indeed improve its detection
and the absence of polymorphism within the locus would ensure
that all copies were ampliﬁed. Due to the presence of conserved
and polymorphic regions in this gene among B. motasi-like isolates,
a general ovine babesiosis test (excluding Babesia sp. Xinjiang)
could be set up as well as more speciﬁc tests, either by designing
speciﬁc PCR primers or a PCR-RFLP to discriminate isolates after
a rap-1b ampliﬁcation using rap-1b ‘‘universal’’ primers.
The rather high conservation of RAP-1a within a locus as well as
among different isolates suggests that the development of a com-
mon vaccine, based on the conserved protein region among geo-graphically distinct isolates, is achievable. However, even if the
translation of rap-1a has been demonstrated in the case of B.
bigemina and can be presumed in the case of isolates from the B.
motasi-like group, this still remains to be proved, together with
the role of these proteins in red blood cell invasion and the poten-
tial of the conserved gene region to elicit protective immunity. We
are currently devoting our studies to the functional and immuno-
logical relevance of the B. motasi-like rap-1 genes.
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